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Introduction: Mössbauer spectrometers will be
used on the upcoming MER/Athena and Mars Ex-
press/Beagle 2 landers to identify and quantify relative
amounts of iron-bearing minerals and determine
Fe3+/Fe2+ ratios, allowing more realistic modeling of
Martian mineralogy and geochemistry. To properly
interpret the spectra acquired by these instruments, we
must understand the Mössbauer parameters of minerals
that we might expect to find on Mars. We present here
a summary of predicted Fe-bearing minerals that might
be observed by the MER Mössbauer spectrometers,
based upon previous and our own on-going work.

Predictions:  Many minerals have been predicted
or observed to exist on Mars.  Predictions have been
based on theoretical considerations, Mars-analogs, and
existence in SNC meteorites.  A listing of proposed
phases is given in Table 1.

Mineralogy based on SNC meteorites. In a conser-
vative estimation, one can predict that at least the min-
erals found in SNC meteorites will exist on Mars. Fe-
bearing minerals found in more than trace abundance
in SNC meteorites include:

1. Oxides: magnetite, ilmenite, chromite.
2. Sulfides: pyrrhotite, pyrite, chalcopyrite.
3. Silicates: olivine, pyroxene.
4. Others: whitlockite, carbonates, iddingsite.

Although all SNC meteorites discovered have been
igneous, this bias in sampling does not preclude the
existence of other rock types on the surface of Mars.

Mineralogy based on spectroscopic observations.
The list of minerals actually observed on Mars itself is
much shorter than is found in SNCs.  Whereas several
iron-bearing minerals have been possibly detected on
Mars from ground-based observations, recent space-
craft observations have only seen a few [1], primarily
pyroxene, a material described as being either  sheet
silicate or high-Si glass, and some hematite and oli-
vine.  [Plagioclase feldspar, also detected in large
quantities, is not generally detectable by Mössbauer
spectroscopy, due to its low iron content.]

Caveats on mineralogies observed remotely.  It is
important to remember that spectroscopic techniques
may provide a good       mineralogical    characterization of
the surface, but they do not offer a direct measurement
of what    rock types     might be present unless they can
determine mineral modes. For the case of Mössbauer
spectroscopy, this means that the technique     can     deter-
mine what percentage of the total Fe is present in

which phases (under ideal circumstances).  However, it
cannot    determine how much of each of those mineral
or glass phases is present, because it cannot measure
wt% FeO, or the amount of Fe relative to the other
elements that are present.

Other minerals or rocks that might be present. The
samples that Mössbauer spectrometers on the surface
of Mars will have to study will not be single-phase
minerals, however, but rocks and particulates. Some
types of rocks expected to exist on Mars include basalt
[1, 2], andesite [1] (although there is some controversy
about their detection [3]), and palagonite [2, 4]. It is
unlikely that the surface of Mars is composed entirely
of one rock type, even though remote spectroscopic
observations may be interpreted as indicating either
basalt+andesite, or basalt+weathered basalt.  Since
spectroscopy only samples the uppermost layers of the
surface, a thin layer of dust on the surface or even in
the atmosphere can severely influence what the spec-
trometer sees.  Mössbauer spectroscopy on Mars is
similar to other spectroscopic techniques in that it only
measures the uppermost few hundred microns of the
sample surface, and therefore is most sensitive to any
weathering products that may be present, not to the
bulk composition of the rocks.

Table 1.  Possible Fe-Bearing Minerals on Mars
Mineral
Species

Mineral
Group

References

hematite (nanophase) oxide [5, 7]
hematite and titanohe-
matite

oxide [5, 6, 8, 9]

ferrihydrite oxide [10, 11]
perovskite oxide this work
magnetite spinel [6]
maghemite spinel [6, 12, 13, 14]
magnesioferrite spinel this work
hercynite spinel this work
goethite hydroxide [6, 15]
lepidocrocite hydroxide [6, 15]
akaganéite hydroxide [15]
schwertmannite hydroxide [16]
feroxyhyte hydroxide [15, 17]
pentlandite sulfide [18, 19]
pyrite sulfide [20, 21]
pyrrhotite sulfide [22, 23]
hydronium jarosite,
natrojarosite

sulfate [24, 25]

rhomboclase sulfate this work
melanterite sulfate this work
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hydromagnesite carbonate [26, 27]
siderite carbonate [28]
ankerite carbonate this work
fayalite olivine [29, 30]
laihunite olivine [31]
garnet almandine this work
garnet andradite this work
enstatite/ferrosilite orthopyroxene [32]
augite orthopyroxene [32]
pigeonite clinopyroxene [32]
hedenbergite clinopyroxene this work
actinolite amphibole [33, 34, 35]
anthophyllite amphibole [33, 34, 35]
kaersutite amphibole this work
annite mica this work
biotite mica [36]
muscovite mica [27]
glauconite mica this work
“illite” mica-clay [38, 39]
“smectite” mica-clay this work
chamosite chlorite [40, 41]
montmorillonite smectite [9, 42]
nontronite smectite [43, 44, 45]
antigorite, chrysotile,
and lizardite

kaolinite-
serpentine

[33, 34, 35,
40]

It would not be surprising to find other rock types
on the surface of Mars, such as sedimentary (various
types of chemical precipitates or mudstones, for exam-
ple), metamorphic (perhaps associated with tectonic
features), or samples of the mantle excavated by larger
impacts.

In all of these cases it will be desirable to be able to
distinguish between the component silicate and oxide
phases, and to be able to determine the relative abun-
dances of each component.  As explained in our com-
panion abstract [41], there are disturbing limitations on
the ability of Mössbauer spectroscopy, acting alone, to
adequately characterize the materials we might expect
to find on the surface of Mars.
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